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ABSTRACT 
Applying a recently proposed method for madel-independent 
analyses experimental differential cross sections for 104 MeV 
a-particle scattering have been analyzed. Reliable values of 
isoscalar (0+-3~) octupole transition rates in 50Ti, 52cr 
and 208Pb are presented and compared with electromagnetic rates. 
ISOSKALARE OKTUPOLE OBERGANGSRATEN IN SOTi, 52cr AND 208Pb 
AUS MODELLUNABHÄNGIGEN ANALYSEN DER 104 MeV a-TEILCHENSTREUUNG 
Mit Hilfe einer kürzlich vorgeschlagenen modellunabhängi-
gen Methode wurden die experimentellen differentiellen Wir-
kungsquerschnitte für 104 MeV a-Teilchenstreuung analysiert. 
V~rläßliche Werte für die isoskalaren (0+-3~) Oktupol-Ubergangs-
raten in 50Ti, 52cr und 208 Pb werden angegeben und mit 
elektromagnetischen Raten verglichen. 
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.1. INTRODUCTION 
For a complete understanding of nuclear structure it is 
necessary to be able to distinguish between neutron and proton 
components in nuclear transitions.as well as in ground state 
density distributions. The question of possible differences in 
proton and neutron transition matrix elements can be addressed 
by comparing the reduced electromagnetic transition strength 
to the corresponding reduced strength of the same transition 
induced by hadronic probes. Writing the neutron and proton matrix 
elements with multipolarity A as 
Mn(p) = f P~{p) (r) rA+Z dr ( 1. 1) 
where 
(1'.2) 
are the neutron- and proton transition densities, respectively, 
the matrix element for a transition induced by an external 
field may be split up in 
M = C M + C M 
n n p p ( 1 • 3) 
The (generally energy dependent) factors Cn(p) characterize 
the sensitivity of the applied probe to neutron and proton 
components. 
The usual collective model assumes that neutron and 
protons move in phase with the same amplitude (p~i/p~i = N/Z). 
This implies that neutron and proton matrix elements are 
equal (when normalized to equal particle numbers). Due to shell 
effects and also predicted by theoretical studies. (Brown 
and Madsen 1978,1975, Brown and Wildenthal 1980), systematic 
deviations, in particular for N#Z nuclei are expected. Several 
experimental studies using different methods have reported 
evidence of such effects (see Bernsteinetal 1981). However, 
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in most cases the results appear to be not sufficiently 
conclusive and are often based more on qualitative considera-
tions of trends than on serious discussions of the uncertainties 
involved. In fact, the evaluation of transition matrix elements 
from hadron scattering cross sections is a delicate operation 
and affected by several kinds of model dependence. Constraints 
by simple functional forms of the transition potentials 
• (derivatives of a Saxon-Woods potential) , simplified assump-
tions about the reaction mechartism (first order DWBA neglecting 
coupled channel effects) and dubious procedures relating 
quantities of the interaction potential to the transition 
densities ·of the target nucleus are able to produce similar 
effects, or mask the effects looked for and have been shown (Rebe! 
1976, Wagner et al 1982) to lead to wrong results occassionally. 
With this point of view the significance of many reported 
results appears to be questionable and the experimental 
evidence for deviations from the collective model prediction 
for Mn/Mp is often not convincing. 
The recent progress in understanding the reaction mecha-
nisms of intermediate energy proton scattering (Amado et al 
198o) and of a-particle scattering (Friedman et al 1981) 
at energies of about 100 MeV has prompted the development of 
more reliable methods for analyzing hadron scattering in 
terms of transition matrix elements. The interest in a-particle 
scattering stems from the fact that a-particles interact equally 
with neutron and protons (C /C = 1), thus providing the 
n P 
pure isoscalar part of the transition probability. In this paper 
we report about studies of the 0+-3~ octupole transitions in 
SOT. 52 d 208 b 1 . 1 d h d ~, er an P app y~ng a recent y propose met o 
(Rebel et al 1981) which reduces the model dependence of 
previous results considerably and allows serious comparisons 
with electromagnetic data. The analysis is based on precisely 
measured differential cross sections of elastic and inelastic 
scattering of 104 MeV n-particles (Pesl et al 1982). The 
cross sections cover a !arge angular range extending beyond 
the nuclear rainbow region. This feature appears to be 
necessary for a successful application of a quasi-model 
independent method. 
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2. DETERMINATION OF THE COUPLING POTENTIALS 
Model-independent analysis of inelastic electron scattering 
(Dreher et al 1974) have shown that the usual parametrizations 
of the charge transition densities by a vibrational model 
or Tassie-model form·factor provide good descriptions of 
the overall shapes, in particular in the surface region, but 
need clearly some refinements when looking for more detailed 
·effects. Similarily, when determining the non-diagnoal part 
of the a-particle-nucleus interaction potential (inducing 
inelastic excitation) it may be quite dangerous to constrain 
the shapes simply by derivatives of the diagonal potent~al. 
In order to reduce this type of model dependence we apply 
a recently proposed method (Rebel et al 1981) using a 
more flexible parametrization of the real part vL(ra) of the 
coupling potentials (only the detailed shape of the real part 
is of interest for the further discussion) • ·The method 
consists of adding to a conventional form (say, the familiar 
derivative of a Woods-Saxon) an extra potential given by 
Fourier-Bessel series 
v (r ) = ß(pot) (V0 (r ) 
L a L coupl a 
N 
+\ bj 1 (qr)). !.. n n a 
n=1 
( 2. 1 ) 
The quantities j 1 are spherical Bessel functions, qn = nTI/Rcut 
and R t is a suitably chosen cut-off radius beyond which the CU 
extra potential vanishes. 
After fixing the ßL(pot)Vo 1 term by a first guess coup 
or a shape resulting from a best-fit with bn = 0, the correction 
coefficients b are determined by a least-squares fit to 
n 
the data. Within the framework of the Fourier-Bessel procedure 
the mean-square uncertainty of vL(ra) at the distance ra 
is given by 
= I 
m,n 
with <ob ob > being the correlation matrix between the m n 
( 2. 2) 
coefficients b • The residual model dependence is due to the 
n 
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specocfie ehoiee of the eut-off radius Reut" In eourse of 
the analysis N and Reut are varied. 
In view of .the simplifieations in DWBA and in order to 
avoid effeets due to negleet of multiple exeitation, the 
present results are based on eoupled ehannels ealeulations. 
Thereby we generally fit elastie and inelastie seattering 
simultaneously. 
The real diagonal part V~l'iag has been reeently studied 
in extensive elastie seattering analyses using model-independent 
teehniques (Friedman et al 1981, Gils et al 1980). In parti-
eular, it has been shown that the radial shape is very well 
approximated by~a squared Saxon-Woods form (SW2 ) with parameter 
values whieh prove to be fairly well determined by the elastie 
seattering. Small readjustments due to eoupling to the exeited 
states have been taken into aeeount by results of eoupled 
ehannels ealeulations on the basis of the usual vibrational 
model. Therefore; for the sake of simplieity the shape of 
Vd. (r ) has not been varied simultaneously with the b eoeffi-lag a n 
eients of vL (ra). Only the imaginary part has been readjusted 
when fitting the eross seetions. Complex eoupling is taken 
into aeeount via ~he deformation ßipot) of the imaginary 
part. Coulomb exeitation is ineluded by a deformed Coulomb 
potential. All ealeulations used a modified version of the 
eoupled ehannels eode ECIS (Sehweimer and Raynal 1973). 
Table 1 presents the parameters of the real potentials, 
taken either from the analysis of elastie seattering only -
or from a eoupled ehannel analysis on the basis of the usual 
vibrational model. Also shown are parameters of Vtrans' the 
first derivative of whieh serves as a first guess to the FB 
eoupling potential. We note that Vt and Vd. have inde-
rans 1ag 
pendent geometries and that the faetorization of the transition 
potential by eq. (2.1) is only areminder to the standard 
proeedure. In eourse of the ealeulations it turned out that a 
SW shape of vt (L=3) proves to be a better first guess 
. · rans 
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potential than a sw2 shape (as simultaneously .used for 
V~iag). This finding is in cantrast to results when analyzing 
0 - 2+ .d 1 qua rupole transitions (Rebel et al. 1981). 
Figs. 1-3 display experimental and calculated cross 
sections (the insets give additional information concerning 
the imaginary part of the potential) and Fig. 4 compares the 
obtained Fourier-Bessel potentials with the best-fit deriva-
tiv~ shapes corresponding 
in Table 1. The values of 
up to convergence of x2/F 
to the vt parameters quoted 
rans 
R t and N have been increased CU 
and of the errors of the integral 
quantities (radial moments). The error bands of the potentials result 
from averaging several single fits with different choices 
of the cut~off radius R t and of the nurober of Fourier-Bessel CU 
terms. This procedure is expected to remove the remaining 
model dependence. It is interesting to see how well the deriva-
tive form approximates the resulting Fourier-Bessel potentials. 
in the surface region.. In order to preserve general require-
ments for the transition densities the extreme inner parts 
is parametrized by a polynomial with zero value at r = 0. 
This additional constraint obscures somewhat the fact tha:t 
the :i::egion r < 2 fm is completely "black" for 104 MeV 
'V 
a-particle scattering. On the other side, the details and 
deviations from the derivative form appear to be significant 
208 for r ~ 2 fm. In Pb e.g. the shape of v 3 (ra) resembles 
conspicuously the charge transition density (Fig. 5) as 
found by theoretical (Speth 1976, Theis and Werner 1973) 




Parameters of the real potentials used in the 
analysis 
V R a 8 (pot) x 2/F 0 V V 3 





VD. lag 147.2 1. 8 sw2 elast. 
V 122.2 4.595 0.789 0.132 4.0 3.9 4. 1 sw cc Diag 
50 Ti VD. 146.3 5.214 1.183 0.122 3.2 2.0 4.8 sw2 cc lag 
VD. 148.9 5.166 1.196 1 • 9 sw2 + lag 
V Oiag 83.4 4.948 0.757 0.133 1 . 7 2.2 SW ... Deriv. 
V trans N=10-13, R =11-13 cut . 0.133 1 . 7 1 • 7 1 . 8 SW-Deriv. 
+FB 
V"-Oiag 156.9 5.102 1.228 1 . 7 sw elast. 
VD. 130.5 4.476 0. 79 7 0. 118 4.7 3.8 5.7 sw cc 
52Cr lag sw2 VD. 155.9 5. 119 1. 192 0.109 4.6 2.7 6.7 cc lag 
sw2 VDiag 165.4 4.997 1.264 2.5 
VD. lag 83.3 5.490 0.564 0.091 1 . 6 3.6 SW-Deriv. 
Vtrans N=10-13, R =11-13 
· cut 0·.,091 1 . 2 1 . 4 0.9 SW-Deriv. 
+ FB 
VD. 171. 5 7.938 1.298 4.2 sw2 elast. J.ag 
VD. 119.1 7.861 0.687 0.092 7.8 7.4 8.3 sw cc 1ag 
sw2 208Pb VD. 154.2 8 ~ 186 1.206 0.082 5.8 6.7 9.6 cc 1ag 
sw2 v~, 166.3 7.976 1.308 4 • 1 Diag 
VD. lag 68.2 8.343 0.819 0.086 4.3 3.8 SW-Deriv. 
vt N=10-13, R =11-14. 0.086 4. 1 4.3 3.8 SW-Deriv. rans cut 
+ FB 
-7-
dcr/dQ [mb/sr J 
t•tos~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1 
50 Ti C oc, oc' >50 Ti 
E LAB= 10l:l: MeV 
o+- 3t Coup l i ng 
Imaginary WS-Form 
W = 19.65 CMeV> 
f\y= 5. 811 ( fm) 




0 10 20 30 50 60 ;zo 80 90 100 
e (;.11.5. [deg.] 
Fig. 1 Elastic and inelastic scattering of 104 MeV a-particles 
b SOT' ' t 1 t' d lt y ·. ·. ~: exper11nen a cross sec ~ons an resu s 
of coupled channel calculations. 
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d<1/dQ [mb/sr J 
1•10~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1 
52 Cr( a., oc' >52 Cr 
E LAB= 10':1: MeV 
o+- 3t Coupling 
Imaginary WS-Form 
W = 23.69 CHeV) 
'\"" 5.391 (fm) 
aw= 0.656 Cfm> 
t•to-~~~~~~~~~~~~~~~~~~~~~~~~~~~~r 
0 10 20 30 50 60 70 80 90 100 
0c.H.s. [deg.J 
Fig. 2 Elastic and inelastic scattering of 104 MeV a-particles 
by 52cr: experimental cross sections and results 
of coupled channel calculations. 
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da/dQ [mb/sr l 
1 •1 o5 ~--'--'-.l_._,__._~..__.__.__J.........ww...L__.__,__,_...L.!...J._..w.J_.L...J...I-..._w__,~....J...J,....i .... ...LL....__.__.__~w....L........J....L..J.....L.!...J.__.__,_j_.L...J...I-L-..l..!...J--"-L--1....1-..i--L-T 
1 
208 Pb ( a., a.' )208 Pb 
E LAB= 1oq MeV 
o+- $[ Coup Li ng 
Imaginary WS-Form 
W = 15.91 (MeV> 
f\= 9.231 (fm) 
t!J."'= o. 601 < fm> 
1•10-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0 10 20 30 LiD 50 60 ;zo 80 
8 C.H.S. [deg, ] 
Fig. 3 Elastic and inelastic scattering of 104 MeV a-particles 
by 20 ~Pb: experimental cross sections and results 













50Ti (0+- 3~) 
---Derivative Form 





52 Cr (0+- 3-l 
--- Derivative Form 
15 
- FB- Error Band 
10 
5 
4 6 8 10 0~~~~~~--.----.--~,-~------~ 0 2 4 6 8 10 
ra [tml ra!fm] 
15 
5 
2 4 6 8 
ra [fm) 
2osPb I o+ -31 l 
---Derivative Form 
- FB- Error Band 
10 12 14 
Coupling potentials for the 0+ - 3~ transitions 










eh t 't' d 't of the 0+-3-arge rans~ ~on ens~ y 1 
transition in 208Pb 
3. ANALYSIS OF RADIAL MOMENTS 
After the deterrnination of the transition potentials we 
have the problern to relate thern to the transition densities of 
the probed nucleus. Basically we assurne that the real part of vL 
has the structure of a folded potential, and applying simple 
rnathernatical relationships between the radial rnornents of folded 
distributions we deduce the transition rnornents of the nucleon 
distribution frorn the coupling potential via 
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The a-particle-bound-nucleon interaction Veff which need not 
be specified, enters (implicitly) by its volume integral J
0 
(Veff). This quantity is related to the volume integrals of 
the monopole (diagonal) parts of the potential and of the density 
distribution, respectively 
J ( Vd . ) = AJ (V f f) • o ~ag o e ( 3. 1 ) 
With these relations we write the isoscalar transition rates+) 
B(IS,I. + If) 1 [E. I L+2 2 = p L (r) r dr] ~ 2I.+1 A (3.2) 
~ 
directly as 
B (IS, I. + If) 1 z I VL (r ) rL+ 2dr ] 2 • = [J . (V ) ~ 2I.+1 a a a ( 3. 3) 
~ o diag 
The squared transition radius 
of the potential vL can be related to the corresponding 
quantity of the transition density PL by 
2 R2 ( pL) + 1 ( 2L+3) 2 Rtr(vL) = <r >eff" tr 3 
For this the ms radius <r2 >eff of the effective interaction 
potential has to be known. Assuming that the real part of the 
a-particle nucleus optical potential can be understood as a 
folded potential, <r2 >eff is just the difference between the 
(3.4) 
( 3. 5) 
ms radii of the potential and of the underlying matter distribution. 
+)The factor Z/A is usually introduced just for convenience 




Volume integrals, rms and transition radii and 
transition rates for the o+ + 3+ transitions in 1 50Ti, 52cr and 208Pb 
------------------------------------------------------------------------
Jo(VDiag)/ 4A 
[MeV fm 3 ] 
306+6 303+4 321+7 FE-analysis 
(elastic sc.) 
2 > 1 /2· <rv 
Diag 
[fm] 
4.47+0.12 4.48+0.09 6.29+0.18 
5.42+0.22 5.24+0.16 8.51+0.32 Rtr(p3) 




12.1+0.5 11.1+0.3 43.0+1.3 potentials 




6.1+0.3 38.4 . a,b electrom. 
9.6 
a Endt (1979) 
b Rothaas et al. (1974) 
9.7 52.0 
c Gillet et al. ( 1968) 
'.d Veje (1966) 
theoret. 
Table 2 presents the results which are based on such an implicit 
folding model interpretation (RMA) of the real potentials found in 
the analysis of the experimental data. The values of the ms radius 
and the volume integrals of the diagonal part have been adopted 
c,d 
from FB analyses of the elastic scattering. The value of <r2 >~~~=2.6 fm 
can be deduced from previous results (Gils et al 1980) of elastic 
a-particl~ scattering on 40ca, for which the matter radius is 
believed to be known. There is an additional uncertainty. If the 
effective a-bound-nucleon interaction is density dependent and 
if the elastic and inelastic scattering probe different parts of 
the nucleus then <r 2>eff may differ slightly. The transition rates 
.. + -
are represented by the enhancement· factors G3=B(IS,O + 3 1)/Bs.p. 
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(using the radius parameter r =· 1.2 fm in the definition of 
0 
the single particle unit). In addition to the FB potentials the 
coupling potentials v 3 in the usual Saxon-Woods squared form 
(just of Vt in Table 1) have been considered and results are 
rans 
given without any estimate of the uncertainties. It may be interesting 
to ·note that the evaluation procedure proposed by Bernstein (Bernstein 
1969) results in G3 = 27.4 s.p.u. for the 0+ + 3~ transitio~ in 208Pb. This discrepancy is just due to the understimation by the 
L-1 L-1 2 factor N = (<r >v/<r >m) as discussed by Wagner et al. 
(1982). 
4. CONCLUDING REMARKS 
The question of relative amount of neutron and proton 
strength in nuclear transitions is currently of considerable 
interes.t. Up to now only 0 + - 2 ~ transi tions, mostly in single-
closed shell nuclei, have been seriously considered with this 
aspect,. referring often to a vibrational model picture and 
discussing in terms of different nuclear deformations. The primary 
quantities, however, are the transition matrix elements which 
can be extracted in a less model dependent way. In this spirit, 
we applied a recently proposed method for analyzing inelastic 
a-particle scattering and present reliable values of isoscalar 
octupole transition rates in 50Ti, 52cr and 208Pb. In the case 
of 52cr and 208Pb electromagnetic (0+-3~) transition rates 
are known and the comparison seems to reveal a significant 
difference in 52cr. While for the 0+-2~ transition the proton 
transition strength appears to be stronger than the neutron 
transition strength (Rebelet al 1981, Lunke et al 1981), 
the pure isoscalar octupole transition rate is larger indicating 
some cancellation in the·electromagnetic transition with isovector 
contribution (Veje 1966). 
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